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INVENTION DISCLOSURE 

Title of Invention 

Photosensitive Polymer and Resist Composition Containing the Same 

Background Art & Objects of the Invention 

As semiconductor devices become highly integrated, fine pattern format.on .s 
required in a photolithography process. Further, as the capacity of a semiconductor 
device increases to exceed 1 giga bit DRAM grade, a pattern size having a des.gn 
rule of less than 0.2 urn is required. Accordingly, there are limitations in us.ng a 
conventional resist materia, with a KrF excimer laser (248 nm). Thus, new res.st 
materials capable of being developed using an ArF excimer laser (193 nm) have 
been developed for a lithography process. The resist materials used ,n the 
lithography process using the ArF excimer laser have several problems ,n be.ng 
commercially used, compared to the conventional resist materials. 

The most typical problems are transmittance of a polymer and resistance to 
dry etching. As the widely known ArF resist materials, (meth)acrylate polymers are 
generally used. In particular, the most typical resist material is poly(methyl 
methacrylate-tert-butyl methacrylate-methacrylic acid) terpolymer system 
manufactured by IBM, Inc. However, such polymers have very weak resistance to 
dry etching. Accordingly, to increase the resistance to d^ etching, a polymer hav.ng 
a backbone composed of an alicyclic compound such as an isobornyl group, an 
adamanty. group or a tricyc.odecany. group, is used. However, the resulting res.st 
still exhibits weak resistance to dry etching. The polymer having the al.cycl.c 
compound is less adhesive to a layer, thereby causing lifting effects of a res,st 
pattern during a developing process. 

Recently, as new types of polymers, a methacrylate copolymer compound 
having an alicyclic protecting group (formula 1) manufactured by Fujitsu and a 
cycloolefine-maleic anhydride (COMA) alternating polymer (formula 2) manufactured 
by IBM, inc. have been proposed (see J. Photopolym. Sci. Technol., 12(3), 501 
(1999) ) However, the polymers have problems and are not suitable to be used as 
ArF resists. The polymer having formula 1 has problems, such as weak resistance 
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,0 dry etching and deteriorated line edge roughness (LER) and the polymer having 
formula 2 has deteriorated resist contrast and low transmittance. 



Formula 1 



Formula 2 
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- High contrast 

- Line edge roughness 

- Poor etch resistance 

- High cost 




- Good etch resistance 

. Low transmittance -' 

- Low syntheyic yield - 

- Poor adhesion 
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Accordingly, to overcome the above problems of the conventional polymers 
and obtain a resist having a high lithographic performance, the present inventors 
conducted research and produced a new type of polymer, which is a copolymer of 
maleic anhydride monomer and meth(acrylate) monomer having a bulky al.cycl.c 
protecting group. The polymer has remarkably higher transmittance and synthetic 
yield than the conventional COMA system. In addition, the polymer can have 
superior resistance to etching and has an advantage in view of production costs, 
compared to methacrylate copolymer in the prior art. 

in general, since a maleic anhydride monomer cannot be polymerized in rtself . 
the monomer is used in a polymerization process in a form of an alternating 
copolymer with olefin monomer substituted with an electron-donating group and a.kyl 
vinyl ether and cycloolefin, etc. are most frequently used as comonomers. 
Meanwhile, in the present invention, the copo.ymer with meth(acrylate) monomer 
substituted with the electron-donating group can be produced in a form of 
homopolymer or copo.ymer according to polymerization conditions and constitutional 
ratios of the monomers. If necessary, a terpolymer or higher copo.ymer may be 
produced by introducing a second or a third monomer to a reaction mixture to control 

polarity of the polymer. 

Also the polymer according to the present invention has a polymer backbone 
such that a problem of post-exposure delay (PED) due to high Tg (glass transition 
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temperature) (> 180°C) resulting from a rigid backbone which is a drawback of the 
conventional COMA alternating copolymer can be overcome. Thus, the present 
polymer has Tg within a suitable range (130-160'C) and can improve PED due to an 
annealing effect in proceeding processes. Moreover, by introducing an acrylate 
mononer in place of an cycloolefin monomer, more appropriate polymer polarity can 
be obtained and thus, adhesion to underlying layers can be improved. 

More specifically, the present invention provides a substance having the 
following formula 3: 
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-(-CH 2 -C ' S-TT 

c=o 



,5 



wherein 

is hydrogen or methyl group, 

R 2 is a group which can be decomposed by an acid generated due to 
exposure to light, especially an alicyclic tert-alkyl group. 

That is, R 2 is a bulky tertiary alkyl group containing an alicyclic ring structure, 
such as 2-methyl-2-norbornyl, 2-ethyl-2-norbornyl, 2-methyl-2-isobornyl, 
2-ethyl-2-isobomyl, 8-methyl-8-tricyclo[5.2.1 .0 2 ' 6 ]decanyl, 

8-ethyl-8-tricyclo[5.2.1 .0 2 ' 6 ]decanyl, 2-methyl-2-adamantyl, or 2-ethyl-2-adamantyl, 
and increases resistance to etching and functions as a dissolution inhibitor. When a 
maleic anhydride monomer is introdued, it functions as an adhesion promoter and 

increases wettability, etc. 

As a result, the copolymer according to the present invention can overcome 
the problems of the conventional polymers and can be produced in a simpler manner 
and with lower costs. When a resist composition containing the polymer according 
to the present invention is used in various photolithographic processes, the resist 
composition can have excellent lithographic performance and be very useful in 
manufacturing a next generation of semiconductor devices. 
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Detailed Disclosure of the Invention 

Example 1 
S ynthesis of a-ethvl-8-tri cyclodecanol 
200 ml of a solution of ethyl magnesium bromide (1 .0 M) in diethyl ether was 
put into a 500 ml three-neck rounded-bottom flask and tricyclodecan-8-one (30 g, 0.2 
mo.) dissolved in diethyl ether was slowly dropped in the flask at room temperature 
using a dropping funnel, and was then reacted in a reflux condition for about 12 

10 hours. . 

After the reaction was completed, the resultant product was poured into an 
excess amount of water and neutralized using HCI. Thereafter, the resultant 
produce was extracted using diethyl ether and dried using MgS0 4 . Then, the 
solvent was evaporated and a desired product was separated from the crude product 

15 using column chromatography (yield: 65 %). 

Example 2 

Synthesis of R-ethvl-8-tr ^Y fflnflftnanvl acrvlate 
18 g (0 1 mol) of 8-ethyl-8-tricyclodecanol synthesized in Example 1 and 11 g 
(0 1 1 mol) of triethylamine were dissolved in 200 ml of anhydrous tetrahydrofuran 
(THF) and 10 g (0.1 1 mol) of acryloyl chloride was slowly added thereto at room 
temperature, and then the reactants were reacted for about 12 hours. 

After the reaction was completed, an excess amount of solvent was 
evaporated, and the resultant product was poured into an excess amount of water 
and neutralized using HCI. Thereafter, the resultant product was extracted us.ng 
diethyl ether and dried using MgS0 4 . Then, the solvent was evaporated and a 
desired product was separated from the crude product using column 
chromatography (yield: 75 %). 

Example 3 

s ynthesis of 8-eth yi-a-tricvclodecanvl methacrylate 
18 g (0 1 mol) of 8-ethyl-8-tricyclodecanol synthesized in Example 1 and 11 g 
(0 1 1 mo.) of triethylamine were dissolved in 200 ml of anhydrous THF and 0.1 1 mol 
of methacryloy. chloride was added and reacted in the same manner as in Example 
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. 2. Then, a desired product was separated in the same manner as in Example 2 
(yield: 75 %). 

Example 4 

c wnthoQis nf a-methv i-«-tricvclodecanvl acrylate 
8-ethyl-8-tricyclodecanol was synthesized in the same manner as in Example 
1 using a methyl magnesium bromide solution, and then a desired product was 
separated using 8-ethyl-8-tricyclodecanol in the same manner as in Example 2. 



Example 5 

io 

S ynthesis nf p-methvl-2 -^Hamantvl acrvlate 

1 7 g (0 1 mol) of 2-methyl-2-adamantanol and 1 1 g (0.1 1 mol) of triethylamine 

were dissolved in 250 ml of anhydrous THF and 10 g (0.1 1 mo.) of acry.oy. chloride 

was slowly added thereto at room temperature, and then the reactants were reacted 

15 for about 12 hours. 

After the reaction was completed, an excess amount of solvent was 
evaporated, and the resultant product was poured into an excess amount of water 
and neutralized using HCI. Thereafter, the resultant product was extracted using 
diethyl ether and dried using MgS0 4 . Then, the solvent was evaporated and a 

20 desired product was separated from the crude product using vacuum dist.l.at.on 
(yield: 75 %). 

Example 6 

S ynthesis of 2-methvl-2-ada nr. a ntyl methacrvlate 
25 A desired product was obtained in the same manner as Example 5 using 1 7 

g (0.1 mol) of 2-methyl-2-adamantanol, 1 1 g (0.1 1 mol) of triethylamine, and 0.1 1 
mol of methacryloyl chloride in 250 ml of anhydrous THF (yield: 75 %). 

Example 7 

3Q S ynthesis of ? -mPthvl-2-isohornyl acrylate 

A solution of camphor (0.2 mol) dissolved in diethyl ether was slowly dropped 
into 200 ml of a 1 .0 M solution of methyllithium dissolved in diethyl ether at room 
temperature using a dropping funnel and reacted for about 2 hours, and then 20 g 
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.(0 22 mol) of acryloyl chloride was slowly added thereto at room temperature. Then, 
the reactants were reacted in a reflux condition for about 12 hours. 

After the reaction was completed, the resultant product was poured .nto an 
excess amount of water and neutralized using HCI. Thereafter, the resultant 
product was extracted using diethyl ether and dried using MgSCV Then, the 
solvent was evaporated and a desired product was separated from the crude product 
using vacuum distillation (yield: 65 %). 

Example 8 

Q Y nth 0 Qi S nf 2-methy'-9-"™hnrnvi- acrvlate 
A desired product was obtained in the same manner as Examp.e 7 using 200 
ml of a 1 0 M solution of methy.lithium disso.ved in diethy. ether, a solution of 0.2 mo. 
of norcamphor dissolved in diethyl ether, and 20 g (0.22 mo.) of acryloyl ch.onde 

(yield: 65 %). 

Example 9 
S ynthesis o f copolymer 
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7 03 g (30 mmol) of 8 -ethyl-8-tricyclodecan y l acrylate synthesized in Example 
2 2 94 g (30 mmol) of maleic anhydride and azobis(isobutyronitrile) (AIBN) (1 mol%) 
were dissolved in 40 g of anhydrous THF, and purged using nitrogen gas for about 1 
hour Thereafter, the reactants were polymerized at 70°C for about 1 2 hours 

' After the polymerization was completed, the resultant product was slowly 
dropped into an excess amount of n-hexane and precipitated. The obtained 
precipitate was dissolved in THF and reprecipitated twice in a co-solven, system 
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.(n-hexane : isopropyl alcohol=1 :1 ). Then, the precipitate was dried in a vacuum 
oven maintained at 50°C for about 24 hours to obtain a desired polymer (yield: 70%). 

The weight-average molecular weight (Mw) and polydispersity of the obtained 
product were 1 1 ,800 and 2.1 , respectively. 

Example 10 
S ynthesis of copolymer 
30 mmol of 8-ethyl-8-tricyclodecanyl methacrylate synthesized in Example 3, 
30 mmol of maleic anhydride and AIBN (1 mol%) were dissolved in 40 g of 
anhydrous THF and polymerization was carried out in the same manner as in 
Example 9. 

After polymerization was completed, a desired polymer was obtained in the 
same manner as in Example 9 (yield: 65%). 

The weight-average molecular weight (Mw) and polydispersity of the obtained 

product were 12,300 and 2.1 , respectively. 



Example 1 1 
S ynthesis of copolymer 
30 mmol of 8-methyl-8-tricyclodecanyl acrylate synthesized in Example 4, 30 
20 mmol of maleic anhydride and AIBN (1 mol%) were dissolved in 40 g of anhydrous 
THF and polymerization was carried out in the same manner as in Example 9. 

After polymerization was completed, a desired polymer was obtained in the 
same manner as in Example 9 (yield: 70%). 

The weight-average molecular weight (Mw) and polydispersity of the obtained 

25 product were 1 2,300 and 2. 1 , respectively. 

Example 12 
cr- S ynthesis of copolymer 





6 61 g (30 mmol) of 2-methyl-2-adamantyl acrylate synthesized in Example 5, 
2 94 g (30 mmol) of ma.eic anhydride and A.BN (1 mo«%) were dissolved in 40 g of 
anhydrous THF, and purged using nitrogen gas for about 1 hour. Thereafter, the 
reactant was polymerized at 70°C for about 1 2 hours. 

After the polymerization was completed, the resultant product was slowly 
dropped into an excess amount of n-hexane and precipitated, dissolved aga-n ,n 
THF and reprecipitated twice in a co-solvent system (n-hexane : .sopropyl 
alcoho.=1 Then, the precipitate was dried in a vacuum oven maintained at 50°C 
for about 24 hours to obtain a desired polymer (yield: 70%). 

The weight-average molecular weight (Mw) and polydispersity of the obtamed 
product were 1 1 ,100 and 2.0, respectively. 

Example 13 
S ynthesis of c opolymer 
30 mmol of 2-methyl-2-isobornyl acrylate synthesized in Example 7, 30 mmol 
of maleic anhydride and A.BN (1 mo.%) were dissolved in 40 g of anhydrous THF 
and then polymerization was carried out in the same manner as in Example 12, to 
obtain a polymer (yield: 70%). 

The weight-average molecular weight (Mw) and polydispersity of the obta.ned 

product were 10,800 and 2.2, respectively. 

Example 14 
S ynthesis copolymer 
30 mmol of 2-methyl-2-norbomyl acrylate synthesized in Example 8, 30 mmol 
of maleic anhydride and AIBN (1 mol%) were dissolved in 40 g of anhydrous THF 
and polymerization was carried out in the same manner as in Example 12, to obtain 

a polymer (yield: 70%). . 

The weight-average molecular weight (Mw) and polydispersity of the obtamed 

product were 12,100 and 2.1 , respectively. 

Fxamole 1 5 
S ynthesis o f terpolvmer 
35 mmol of 8-ethyl-8-tricyclodecanyl methacrylate synthesized in Example 3, 
40 mmol o, maleic anhydride. 5 mmo, of methacrylic acid and AIBN (1 mo,%) were 
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dissolved in 40 g of anhydrous THF, and polymerization was carried out .n the same 
manner as in Example 12, to obtain a polymer (yield: 70%). 

The weight-average molecular weight (Mw) and polydispersity of the obtained 
product were 12,400 and 2.1 , respectively. 

Example 16 
RA^ist compositi on for patterning process 
- Resist coating: Each of the polymers synthesized in Examples 9 through 15 
(1 2 to 1 5% by weight of solid matter based on the total weight of a solvent to be 
obtained) and various types of photoacid generator (PAG) were dissolved in a 
solvent and 0.01 to 2.0% by weight of a base additive made of amines (based on 
the total weight of the polymer) was added thereto to completely dissolve the 
reactants. Examples of the PAG include inorganic onium salts (0.5 to 3.0% by 
weight based on the total weight of polymer) and organic sulfonates (1 .0 to 10% by 
weight based on the total weight of polymer), alone or in combination. Examples of 
the solvent include propylene glycol monomethyl ether acetate (PGMEA) and ethyl 
lactate (EL), etc., alone or in combination. Thereafter, the solution was f.ltered 
using a02nm membrane filter to obtain a resist composition. Then, the resist 
composition was coated on a silicon wafer treated with hexamethyldisilazane 
(HMDS) to a thickness of about 0.3 to 0.5 |xm. 

- Resist patterning: The coated wafer was pre-baked (soft-baked) at a 
temperature of 100 to 140°C for 60 to 120 seconds and exposed to light using DUV, 
e-beam or X-ray, etc. Then, post-exposure baking (PEB) was performed at a 
temperature of 1 00 to 1 50°C for 60 to 1 20 seconds. Thereafter, the resultant film 
was developed using 2.38 wt% of tetramethylammonium hydroxide (TMAH) solufion 
for about 10 to 90 seconds to obtain a desired pattern. 

- Etching: An underlying layer such as Si0 2 was etched with a predetermined 
etching gas, for example, halogen gas or C x F y gas, using the obtained resist pattern 
as a mask. Subsequently, the resist pattern remaining on the silicon wafer was 
stripped to form a desired silicon oxide pattern. 



Example 17 
Resist composition 



.A resist composition was prepared using 1 .0 g of the polymer synthesized .n 
Example 9, 15 mg of triphenylsulfonium triflate (TPSOTf), and 2 mg of 
triisobutylamine were completely dissolved in 8.0 g of PGMEA and then filtered us.ng 
a 0.2 ^m membrane filter. The obtained resist composition was coated on a S. 
wafer to a thickness of about 0.3 urn. 

Thereafter, the wafer having the resist composition coated thereon was 
pre-baked at a temperature of 130°C for 90 seconds and exposed to light using an 
ArF excimer laser (NA= 0.6 and o= 0.7). Then, post exposure baking (PEB) was 
performed at a temperature of 130°C for 90 seconds. 

The resultant film was developed using 2.38 wt% of TMAH solution for 60 ^ 
seconds to form a resist pattern. When an exposure dose was about 1 5 mJ/cm 2 , it 
was observed that a 0.20 urn line and space pattern was obtained. 

Example 18 
Resist composition 
A resist composition was prepared using 1 .0 g of polymer synthesized in 
Example 9 10 mg of TPSOTf, 20 mg of N-succinimidyl triflate and 4 mg of 
triisobutylamine were completely dissolved in 8.0 g of PGMEA and then filtered using 
a 0.2 ^m membrane filter. The obtained resist composition was coated on a Si 

wafer to a thickness of about 0.3 ^im. 

Thereafter, a resist pattern was formed in the same manner as in Example 17. 
When an exposure dose was about 20 mJ/cm 2 , it was observed that a 0.20 ^m line 
and space pattern was obtained. 

Example 19 
Resist com position 

A resist composition was prepared using 1 .0 g of polymer synthesized in 
Example 1 2, 1 5 mg of TPSOTf, 2 mg of triisobutylamine were completely dissolved 
in 8.0 g of PGMEA and then filtered using a 0.2 urn membrane filter. The obtained 
resist composition was coated on a Siwafer to a thickness of about 0.3 urn. 

Thereafter, the wafer having the resist composition coated thereon was 
pre-baked at a temperature of 130°C for 90 seconds and exposed to light using an 
ArF excimer laser (NA= 0.6 and a= 0.7). Then, PEB was performed at a 
temperature of 130°C for 90 seconds. 
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The resultant film was developed using 2.38 wt% of TMAH solution for 60 ^ 
seconds to form a resist pattern. When an exposure dose was about 1 8 mJ/cm , .t 
was observed that a 0.20 urn line and space pattern was obtained. 

Example 20 
Resist composition 
Polyethylene glycol) (Mw 2,000) was added to the resist compositions 
obtained in Examples 17, 18, and 19 in an amount of about 200 ppm and then a 
resist pattern was prepared in the same manner as in Example 17. As a result, 
when an exposure dose was about 15 to 20 mJ/cm 2 , it was observed that a 0.20 ^m 
line and space pattern was obtained. 

Photomechanism of copolymer 
The photomechanism of the resist composition obtained in Example 1 7 is as 

follows. 

H* 
A 





As shown in the above photomechanism, an unexposed portion of the resist 
composition according to the present invention exhibits a low solubility to a 
developing solution (low Rmin) due to a dissolution inhibition effect on the 
developing solution by a bulky alicyclic protecting group, while an exposed portion of 
the resist composition exhibits a high solubility to the developing solution (high 
Rmax) due to the decomposition of the bulky alicyclic protecting group in the 
presence of acid (H + ). Thus, a resist composition having high contrast can be 
obtained, thereby achieving a high-resolution, high-sensitivity resist pattern. 
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What is claimed is: 

1 . A photosensitive polymer having a mass average molecular weight 
(Mw) of 3,000-100,000, preferably 5,000-30,000, and represented by the following 
formula: 



-t-CH 2 -i 1 



c=o 



wherein 

Rt is hydrogen or methyl group, and 

R 2 is an acid-liable group of a tertiary alkyl group, such as tert-butyl group, 
which can be decomposed by an acid, more preferably a bulky alicyclic acid-liable 
group. 

2. The photosensitive polymer according to claim 1 , wherein ^ is 
hydrogen or methyl group and R 2 is an aliphatic alicyclic hydrocarbon group of a 
tertiary alkyl group. 

3. The photosensitive polymer according to claim 2, wherein ^ is 
hydrogen or methyl group and R 2 is 2-methyl-2-tricyclodecanyl or 
2-ethyl-2-tricyclodecanyl group. 

4 The photosensitive polymer according to claim 2, wherein R, is 
hydrogen or methyl group and R 2 is 2-methyl-2-adamant y l or 2-ethyl-2-adamantyl 
group. 

5 The photosensitive polymer according to claim 2, wherein Ri is 
hydrogen or methyl group and R 2 is 2-methyl-2-isobornyl or 2-ethyl-2-isobornyl 
group. 
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.6 The photosensitive polymer according to claim 2, wherein Ri is 
hydrogen or methyl group and R 2 is 2-methy.-2-norbornyl or 2-ethy.-2-norborny. 



group. 

7 A resist composition comprising the polymer according to claim 1 or 2, 
a photoacid generator (PAG), and a base additive, wherein the PAG is contained in 
an amount of 1 .0 to 15 % by weight based on the total weight of the polymer and the 
base additive is contained in an amount of 0.01 to 2.0% by weight based on the total 
weight of the polymer, and a method of producing a semiconductor device using the 
resist composition, comprising the following steps: 

(a) pmH.„*inn of a resist film: coating the resist solution on a substrate (S. 
wafer) and soft-baking (prebaking) the coated substrate to obtain a resist film; 

(b) resist patterning : exposing the resist film to light using a radiation source, 
such as DUV, e-beam, x-ray, post-exposure baking (PEB) the substrate, and then, 
developing the resist film using a developer (tetramethylammonium hydrox.de 
solution) to form a desired resist pattern; and 

(c) etching : etching an underlying layer with a dry etching gas (halogen gas or 
C x F y gas, etc.) using the obtained resist pattern as a masking layer and stripping the 
resist film from the substrate to form a desired pattern. 

8 The resist composition according to claim 7, wherein the PAG is an 
inorganic material, such as triarylsulfonium salts and diaryliodonium salts, and an 
organic material, such as sulfonates, or a mixture thereof. 

9 The resist composition according to claim 8, wherein the PAG 
comprises triphenylsulfonium triflate(trifluoromethanesulfonate), diphenyliodonium 
triflate triphenylsulfonium nonaflate(nonafluoromethanesulfonate), 
diphenyliodonium nonaflate, triphenylsulfonium antimonate, diphenyliodonium 
antimonate, di-t-butyl diphenyliodonium triflate, N-succinimidyl triflate, 
2,6-dinitrobenzyl sulfonate, or a mixture thereof. 
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The resist composition according to claim 7, wherein the base additive 
is triethylamine, triisobutylamine, trioctylamine, diethanolamine, triethanolamine or a 
mixture thereof. 
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1 1 The resist composition according to claim 7, further comprising a 
surfactant, such as polyether or polysulfonate, in an amount of about 50 to 500 ppm. 

1 2 The resist composition according to claim 1 1 , wherein further 
comprising a surfactant, polyethylene glycol) in an amount of about 50 to 500 ppm. 
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(Background Art & Objects of the Invention) 

tUExll ^I^SS^I HS^^WI af-B- lithography technology**! SlO^i o|Ai|n||&! issued 
g^sjel nj-xHpl- HlStcK c^o| device^] *Sfo| 1G bit DRAMS o|-^o_g_ IH*^ design ruieol 
0.2m0\o[2\ pattern size?r fi^-gcil a\B\ resist material &CHA-1.E 7|^£| KrF excimer 
laser(248nm)-t o|-g£V resist material! SWI ^53 ^W, *HSS ArF excimer 

laser(193hm)* olSer lithography technology^ SS-orSS-^tfl, o|e-| oh ArF !ithography°!l A r -§-£|^ 
resist material^ resist mat erialoi| u|«H ^S^PIoHfe «S S*BS*S Si^K 

ms^i^l S*ll§S3.-& polymer^! ^*ri£(transmittance) dry-etch resistance^! ^Hfi 
issueA # Slt^l, *liJ3r*l S^S ^^21 ArF resists^ (meth)acryiate^i poiymer^-o| ^3. 
A r §£|cH atfecil, o|Soi|Ai iBMfi^I terpolymer system^! poly<methyi methacrylate-tert-butyl 

methacrylate-methacryiic acid)0| cfia«lS|Ell f 013© polymer^ £*rtr ««ISe dry-etch 
resistance^!- M-J^r-^ 3do|ch ZL^Ai t dry-etch resistance-!- fPW^PI #SH oiE^W 
dry-etchingoil Srer alicyciic compound(isobornyi, adamantyl, tricyclodecanyl group, etc)§# 

polymer backboned £ESJ*r-cr SWiS A r «*roL 5UH14, oiS*| etch resistance^! me S*U# SKzi 
oion^K o|al^ alicyciic compound^ Ar§er polymer^ ^Soll m& adhesion-^ o| 

«-W resist ^(development)* I °ll resist pattern^ lifting ?r*|:n. Xia^h 

cc£+ sl-E-cHl— aH^-E ^rS^I polymer^ Fujitsu^! alicyciic protecting group-!- 
methacrylate copolymer?S(T I ^1)^r IBM^l cycloolefin-maleic anhydride(COMA) alternating 
polymer^ 3E2)?r ^HslSifecfl, oMS polymer^ <&o\M£ ot*|*| ArF resists*! *l SxHSS* 
7 r x|:n &&ch °!3d^ polymerS-S dry etching resistance S! Line Edge 

Roughness(LER)^ 5fS e*«BS# 7^IJL SIS*!, ZL§|2^ a* polymeria Sio^^ resist 
contrast SI S# slack 




- High contrast 

- Line edge roughness 

- Poor etch resistance 

- High cost 



/- Good etch resistance 
■ - Low transmittance -" 

- Low syntheytc yield • 

> Poor adhesion 



... ( 
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ujajAj £ ^goliA^ o\2\® 7|5 polymer**! S*IIS«* high lithographic 

performance* 3ife resist* ««H H** B^fil polymer* oia* polymer 

si ^ssiej ^&o{\M bulky alicyclic protecting group* 7rS meth(acrylate) monomer*!- maleic 
anhydride monomer^ 99ft*ll* *fl=£tr°S*i. cycloolefin-maleic anhydride(COMA) 

systems u|«| poiymerS ¥^£(transmittance) Si (synthetic yield) Soil AH s|7|*1SsL 7H 

•tjS polymer* 2* 4= ^*°i 7 I^ S I methacryiate copolymer*^ etch Ml« 

«|hO|°£ mateic anhydride monomer*! «tWe *MW£fi ere a W 8PI «IS 
oil MS electron-donating groupOl *|«rS olefin monomer**! alternating copolymer *^ Stf 
o|'a«slfe 7W2 Xl2<H. 7r§ «o| ArSslfc comonomerS*1 aikyl vinyl ether* 

cvcloolefm^ol S>EH*H SticK »«, * electron-withdrawing group* 7rS 

m eth(acry.a t a) monomer** MM^, » monomer ^l* ^Wj^^ r 

SI copolymer «4a polymer* * B Wte polymer* ^# -..-PI 

m 3* 2-inCH* 5L o J*r0=l terpolymer o|#s| SStPH* *2Ltt ?S1 Xl*. 
*~| # D ** 2. c|* 7|^2i cycloolefin-maleic anhydride(COMA) alternating 

copolymer*! ^ rigid backbonedl sitf high T B <*Biao. * £ >t>i80-QJL 
PED( P ost-ex P o S ure delay) **• * P°>V- bacbone* ^ ^ ^A 

Slch cl*oj cycioolefin monomer m^o)| acrylate monomers =. r - eE - 

polymer polarity* M*f|^1 «W«t«loa fllft adhesion «*£ Site »S* >W 

al , oi D |*Lrt R 2 ^ ±m\ **H =^ iron s|*H*1 

^3=^o|H R1S hydrogen Si methyl groups -l D l°r°1, R2^ -in- 

-*1Pr floftf * Site group* *"I«M. olf^s *«l alicyclic tert-alkyl groups *°l<^h 
I 2-methyl-2-norborny., 2-ethy«-2-norbornyl, 2-methy.-2-isobornyl, 2-ethy.-2-isobornyl, 

8 -methy.-8-tricyc.o [ 5.2.1.0-]depanyl, 8-eth y .-S-tric y clot 5 ,2.1.0-]decan yl , 2-methy.-2-adamantyl. 
2 - et hy.-2-ad a manty. «4 *o| alicyclic ring ^** «W* bulky ternary ^'^^ 
resistances dissolution inhibitor *ir* ^ male.c anhydnde SLWH. 

adhesion promoter SJ wettability #* <*lr# 




^-a (3) 



jmo^ * tt go|| ^6 copolymer^ polymer#o| ?W32 Slfe **lia 

H *W i Polymer «£« + I****, polymer ***<™"* ^ 
°4^7r 2P! ttHSdl o|B|ffl polymer© o|*Er resist composition© o|g*H ?W s.m 
5 photolithographic process*! s*»tt 3° lithographic performance© Stfgaa*,, 

9* ^|CH "IS*! device© ElHfe 01 MfS 4= flch 



j 



^^^3.^^ #3 

W-tf o] ' - ***l' ^ 01 ^ 711 ^^- 7 > ? 

^ oH T^l -i (J( ^ ^ Simulat ion^ *H 3*3 H£ afe 

(Detailed Disclosure of the Invention) 

fjAiollf) s ynthesis of 8-Bthvl-8-trlcv clodecanol 

- 500mL three neck round-bottom flasks ethyl magnesium bromide(1.0M solution in diethyl 
ether) 200mL# ^ op|o)| tricyclodecan-8-one(30g, 0.2mol)# diethyl etheroll dropping 
funnelH o|*»W tfSoM «<H££a c r «. reflux condition^ 12*1*} S5L ^8*12*. 

. h^o| §tr arSeS 312*1 *<Hl pouring<M€Jcr&, HCIH o|**H g*rA| ? |a diethyl ether 
• 0|§*H extraction^ «W. magnesium sulfated o|*« drying^ solvent ttalA o|oW 
crude products column chromatogra P h y (ethyl acetate:n-hexane=1-.3)# o|»«N product St*, 
(yield; 65%) 

- 4JA|oi|i)ol|A-i 8-ethyl-8-tricyclodecanol(18g, O.lmol)^ triethylamine(11g. 0.11mol)# 
anhydrous THF(200mL)otl opldl acryloyl chloride(10g, 0.11moD* * 
7r» ^rS. e» 12<MZ> SSL BlSAltJcK 

- tfSol *fc* *, BHf°| solvents tfelul SI*** *l»s| *°« pouring^ cr#, HCIw o|« 
«K>f S*a|?! * diethyl ether* 0|§*H Cr*. MgSO,* o|§*H drying^. =L?!cre, 
solvent* ^aiS crude product* vacuum distillation* ol*«H product* &ei»«=r. 

(yield; 75%) 

4/ Afo*n Xvnthesis of ^fhvl-8-tricvc lodecar^jmmmMS. 

■fejAioihjollA-i 8-ethyl-8-tricyclodecanol(18g, 0.1 mol)^ triethylamine(11g, 0.11mol)* 

anhydrous THF(200mL)oll ^^r#, 0PI°« methacryloyl chloride(0.11mol)* ^I<*l2)*l 3« 
2S e>§A|?| product* fteie«=K (yield; 75%) 

£J*M4} jgynfhBxfx of 8-methvl -R-triCVvWficanv! acry/ate 

. . AjA|o,H) S l tfflos. methylmagneslum bromide solution* o|**H 8-ethyl-8-tricyclodecanol* 
0|* 0|§*H *JA|o^|2)^ StS &Hft ArS* r <>4 product* t^t^L 



■fi/A/ot/R) s ynthesis of 2-met hyi-2-adamanM.2£nd2t§. 

-' 2 -methyl-2- a damantanol(17g, O.lmol)* triethylamine(11g. 0.1 1mol)# anhydrous THF(250mL) 
oil <*7\* acryloyl chloride(10g, 0.11mol)S #&*M * * 

£ . HjlolVt^ *. solvents tfej* US** *rSJ*M #<H1 pouring*!^ c^. HClS o|* 

*W S*Wt! * diethyl ether* o)#*H MgSO<S o|H*H drying^. iS^f, 

solvent© crude products vacuum distillations products 

(yield; 75%) 

*JA/o//K\ SYnth*? 1 ?'* nf 2-methvi- 2?gsis wmty! rnQthacryjate 

' - 2-me*yl-2-adamant a nol(17g, 0.1mol)*r triethylaminedlg, 0.11mol). naia methacryloyl 
chloride(0.11mol)S anhydrous THF(250mL)*!l « UWQ* **** P™*** 

(yield; 75%) 

±Mof/7 ) Synthesis nf ^mflfft W-2-/sob Qm^fi0rfate 
- m"ethy.lithium(1.0M solution in diethyl ether) solution(200mL)°H camphor(0.2mo. in diethyl 

ether) solutions dropping funnelS o|*W * 2A »* SE 

. - . ,„„ „„ m „ n a a^oiiaH £r#, reflux condition 

A |^l cl-a, ap|ol| acryloyl chlonde(20g, 0.22mol) = Q ru."il'*i ' 6 rc - 

h^o| *tf * »°» POuringAiacW. HClS o|W* diethyl ether 

• o|#*H extraction* **. magnesium sulfated ol^H drying* solvent* W=l 0I0W 
crude products vacuum distillations o|*«fl products ^alfi^. 
(yield; 65%) 

au/q^ gyntfiflsfc of 2 -methv '-' > - nn rf?Qrpvl acrvlate 

"-"mathyllithiumd.OM solution in diethyl ether) solution(200mL)*r norcamphor(0.2mol in diethyl 
ether) solution. ^ acry.oy. ch,oride(20g. 0.22mo,)S *MT>» « tt***] c^. 

products '*aiecK (yield; 65%) 



*M ^ ^ ^ * ^ ^ siinuUtionell M ^ ^ ^ afe 

(Detailed Disclosure of the Invention) 
^A^9)j2r^n!ymt=,r synthesis ^ 





-fe]A| 0112)011 Ai 8-ethyl-8-tricyclodecanyl acrylate(7.03g. 30mmol)*r maleic 

anhydride(2.94g. 30mmo.)1l A,BN(azobisisobutyronitrile)(1mo.o/o)^ W anhydrous ™^ * 
o JC », nitrogen gas# o|*« 1*1* 9* purged «*, 70'C ^ * S£ »W 

?lr4 

. #&0| 5tJ ^| n-nexaneofl Sojasia/H SS^IS 

S x, <# cFAlTHFoy ^ *. cosol Ve nt(n-hexane:isopropyl alcohol=1:1) system^ 2 *l SSS 
Aid as** 50-C2I vacuum over^l* sf 24 Altf *S!<* 70%) 

re . ^ef S^-g-^lf(Mw)= 11800, po!ydispersity= 2.1 

£/ a/ of/10) Copolvr aer_§y.aiimis 

VMotZ*** «*» 8-ethy^tricyclodecanyl methacrylate(30mm O l)^ ma»eic anhydride(30mmol) 

# AIBN(1mo.%)* tt« ^l<W V e Wfls* WW P°'y mer * « tcK 

(yield; 65%) 

S3^x!-lf(Mw)= 12300, polydispereity= 2.1 

^M/of/ijij^Qoglymer synthesis ^ 
' ^,01,4)011 M tttitt 8-methyl-8-tricyclodecanyl acrylate(30mmol)*F ma.eic anhydride(30mmol) . 

AiBN ( imoi%)^ ** wvp a* awiss wie Pterin at*. 

(yield; 70%) 

58 «2«3CrS(Mw) a 1 2300 - polydispersity= 2.1 



£/Mof/i2) Co polymer synthesis . 





^A|oH5)OflA-1 2-methyl-2-adamantyl aorylate(6.61g, 30mmo!)*r maleic anhydride(2.94g, 

30mmol)# AIBN(1mol%)*r W anhydrous THF<40g)ol| nitrogen gas# o|S« 1^ S 

£ purged c», 70*C SSofl^ ej= 12 A|*} StW^Cr. 

- §fh>| «fc+ n-hexaneoll «iSi*l «<*sa|e!AH g*um cl*. 

ss = # cW THFoll ^21 *. cosolveM(n-hexane:isopropyl alcohol=1:1) system^ 2 £l SS« 
A|^l m. SS«« 50-C2I vacuum ovenO||Ai e| 24A|2i Set 9^^. 

(yield; 70%) 

§lf ^a-S-^rlf(Mw)= 11100, polydispersity= 2.0 
■£/Ala//i3) Co polym er synthesis 

- -yA|o«7)o||Al tt^n 2-methyI-2-isobomy] acrylate(30mmol)Sr maleic anhydride(30mmol)# 
AIBN(1mol%)=r W W« as «WU c». polymer^ 

(yield; 70%) 

^2^^H} : (Mw)= 10800, polydispersity= 2.2 

■*jAioiM4 ) Copolymer synthesis 

- -felA|oii8)Ol|Ai tfge- 2-methyl-2-norbomyl acrylate(30mmol)2r maleic anhydride(30mmol)# 
AlBN(1mo.%)2r fiW *W«h2)* »S Wltl c^, polymery Sfe*. 

(yield; 70%) 

;J> . g.af S3S^rS : (Mw)= 12100, polydispersity= 2.1 



tllL^HS.. T*"r nf W" er svntne s' s 

^JA|oi|3)oi|AH 8-ethyl-8-tricyclodecanyl methacrylate(35mmol)^ maleic 

anhydride(40mmoi). aal^ methacrylic acid(5mmo»* A.BN(1mol%)* W *W*>* ™ 

bjo S §oj-A|?j cl-g, polymer* ^fe^K 
(yield; 70%) 

«*■ «a*^B(Mw)= 12400, polydispersity= 2.1 




teat RfflrBi l. W WWSW^afe 

fffpT W@-fflS n 1 ° ^ ^3.4 »i«a«4 

^-T-^-iUH 0 ^ #5 (Drawings) 3 . **\7\ Qslo]-* *?vsi*i as^ Layout* a***. 

&-*/of/16) Resist composition for patterning process 

- Resis t coatina: -y a| ofl 9~1 5)o)| M Mfi polymer(12~15wt% solid content to solvent)## Oi^H 
7W inorganic onium salts(0.5~3.0wt% to polymer) ^ organic sulfonates(1.0~10wt% to polymer) 
b\^9.\ PAG(photoacid generator)* ^ *S Straps, propylene glycol monomethyl ether 
acetate(PGMEA) BEfe ethyl lactate(EL) «s| E« £^ solvent** ?yx\ 
base addmve(amine*)(0.01~2.0wt% to polymer)* *H3*I , 02^ 
membrane filter* ol§si| resist solution* ^ -g-^rS, HMDS(hexamethytdisilazane)* aisle* Si 
wafer*! ef 0.3-0.5/*. coating^r. ^ Alil 

- Resist fiafieminai 100~140'C*I S£Hfl<H|*| 60~120sec *2r pre-baking(soft baking) = JA| 
tt *7dUV. e-beam. x-ray §* o|*«W resist film* J*»e c». 100-150-C* e«E*flo||A1 
60~120sec#£> post-exposure bake(PEB)* U*ltt«=r. 

ziecrS, 2.38wt% TMAH(tetramethylammonium hydroxide) solution* o|§«H e, 10~90sec« u. ^ 

£j-s r oi fJofe pattern* S£eW. = = A i 

- Etching- resist pattern* masking layers *W ^ etch gas(halogen, CxFy A > 
S *KH *^erai(ofl, SiOO* etchings *. yorSlfe resist film* strips 1££ *rfe pattern* 

4/^/ of/17) Resist Composition 

-feJAloflgplW ©a© P olymer(1.0g)2Mriphenylsulfonium triflate(TPSOTf)(15mg), aeio. 

triisobutylamine(2mg)* PGMEA(8.0g) solvent W W*\ 0.2*. membrane filter* o| 

§*H resist solution* Si wafer*! 0.3m **13. coatingtW. 

- 130°C 90sec §8r soft baking* *. ArF excimer laser(NA 0.6, 0.7)m oi 

c r g 130°C -&HO||Ai grjsec PEB* fclAleW. 

- aSclf, 2.38wt% TMAH solutionis 60sec§£} 3^, * 15mJ/cm^ dose*!* 
0.20/m lines and spaces pattern* *r2J*VS c K 



ITI 



£/*/ot/l8) Resist Composition 

. ^M^i9)0\\M polymery .Og)*r triphenylsulfonium triflate(TPSOTf)(10mg), 

N-succinimidyl triflate(20mg)S triisobutylamine(4mg)*r tt* PGMEA(8.0g)°ll *H3.I — 
02^ membrane filter* o|**H resist solution* TlfcB, Si wafer*! * 0.3#- oo«ng«W. 

-yAl<HH7)Sl- as 2=2*1* inSe!- a^, *f 20mJ/cm J 2l dose*l* 0.20m lines and spaces 
pattern* **2lWaeh 



) 



£f*foffl9) Resist Composition 

- <y A lo4i12)°{|Ai polymer(1.0g) £ l- triphenylsutfonium trifiatefrpSOTfXISmg), ZIB.\JL 
triisobutyiamine(2mg)# PGMEA(S.Og) solvent^! tfoj &g*| 0.2 m membrane fitter* o| 

resist solution* Si wafers 0.3m coating 

- 130°C &£<>ll*1 90sec ^2} soft baking* HMVt 4s ArF excimer laser(NA 0.6, 0.7)* o| 
S-sH -b^Sh c^, 130°C ^JE°i|Ai gosec S£h PEB* 41 A IBc:K 

- aB«, 2.38wt% TMAH solutionis 60sec*eh a*h ^ fe 18mJ/cm^l doseoil^H 
0.20/zm lines and spaces pattern* sfei^&^K 



HAlQfliO) Resist Composition 

- -aA|oi|i7, 18, 19)2| resist S£!#tH| po |y(ethy]eneg!ycol){Mw=2,000)* 200ppm§£ 

-MA|ol|i7)aii 'as 93* *t 15~20mJ/cm 2 £| dose^M 0.20/^m lines 

and spaces pattern* ^£1^51 C K 



PhntQm&chan ism o f conohumi 

- -yA|oiii7)o| resist ^*a| ±& mechanism* *p|*|o||*t ufsmiach 



O 



H + 





unexposed area 
(alkaline insoluble) 



exposed area 
(alkaline soluble) 



nl|oi|Ai M^o| tiiic^-^-ollA-l-^ bulky alicyclic protecting group°II fi^^oll ^Hfi 
dissolution inhibition effect? tt* Sallow Rmin)* in»*o||*ife. 

bulky alicyclic protecting groupOl acid(H+) ^^^|a H 6 «h^ SJoJl-I- *4Wo|| «e *S *«H£ 
(high Rmax)* high contrast* ?Wfe resist* 2* ^ fl^. o\sL e]*H £S *H^JE .Bi 

I12hE-§- resist pattern* S* ^ XI C K 



tgjTs; mjg ^CjA}-^- 1. ^ »4bM ^ ^ *1£3.*M. * 

aj-f^tg XIjIA^o^a] #5 (Drawings) 3 s ^ $.*) 7 } ^-£l<>1# &7\£{x\ Layout^ 2^$^. 

1. op|>^Bl- as t 1 ^ 2 ! photosensitive polymer: 

— ^-ch 2 -c 1 L -)ir- 

c=o 



op|A-] ( R n fe hydrogen, methyl grouped, 

r 2 ^ tert-butyl groups »S acid ^*tf-KHM ^ tertiary alkyl^l 

acid-labile groupOi^, SLc r ^SbWI^ bulky aticyclic acid-labile groups. 

na|a 39 aa*^S(Mw)°l 3,000 - 100,000Afol °| Mcf 2?ife 

5ooo-3oooo^oi si a# 

2. *iiHKHI ^loi R t -^ .hydrogen, methyl groupOl^, 

R^l- tertiary alkyl groups aliphatic aiicyclic hydrocarbon^! photosensitive polymer. 

3. *ii2§o{j 9XO\ R,fe hydrogen, methyl groupO|^ t 

R^r 2-methyi-2-tricyclodecanyl, 2-ethyI-2-tricyclodecanyl groups! photosensitive polymer. 

4. *«2»oll ?10\ Rife hydrogen, methyl groupO|<H, 

R^r 2-methyl-2-adamantyl, 2-ethyi-2-adamantyI group^l photosensitive polymer. 

5. *ii2tJ-oil 2iOi R,-^ hydrogen, methyl groupOl°i, 

R 2 7\ 2-methyl-2-isobornyl, 2~ethyl-2-isobornyl groups! photosensitive polymer. 

6. *li2§-oil 9Xo\ R,fe hydrogen, methyl groupOl^, 

R 2 7\ 2-methyl-2-norbornyl, 2-ethyl-2-norbornyI groups photosensitive polymer. 



j 



7. 51 2&3\ polymerS^ photoacid generator(PAG), n£|2 base additive* ^^1-- s 

oMM, A«S PAG^I ^-E polymer *Mn|s| l.0~15wt% *r0|2| ^# A«*r°1. 

base additive*! aj*& polymer **h|s| 0.01 ~ 2.0wt% AK>|a| a^sw, zia|:a 
patterning 5§S EMI* Wtt. 

a) Resist film xflsa^ l: resist solution* substrate(Si wafer) SSofl SMfv c^, soft 
baking(prebaklng)* resist film* a^xr fc-WI. 

b) Resist patterning EMI; resist film* <**\ ?W radiation source(DUV, e-beam. x-ray §)* 
o|*«rO< ic^e *oH post-exposure bake(PEB)* 7fS CrS, developer(tetramethylammonium 
hydroxide solution)^ €!*r*r resist pattern* «a*rfc 

c) E tching Er3l : S^S resist pattern* masking layers §K» dry etching gas(halogen, CxFy 
A^ftfoi SUf etching » ^rS, resist film* strip*r°=l £!«rfe pattern* «=te EMI. 

8 *||79o|Ai ?jae photoacid generator^ triarylsulfonium salts, diaryliodonium salts^r tf« inorganic 
type*r sulfonates^ organic type* E» Af*B 

9. a«8«o|*i PAG-sL triphenylsulfonium triflate(trifluoromethanesulfonate), diphenyliodonium 
triflate triphenylsulfonium nonaflate(nonafluoromethanesulfonate). diphenyliodonium nonaflate, 
triphenylsulfonium antimonate, diphenyliodonium antimonate. di-t-butyldiphenyliodonium triflate. 3E|H 
N-succinimidyl triflate. 2,6-dinitrobenzyl sulfonates »«• compound* EH* 

resist 

10. mm\M a»?v base additive^ triethylamine. triisobutylamine, trioctylamine, diethanolamine, 
triethanolamine ft EN* *«rfi£ A^tf resist 3E£S. 

11. *l7»s| resist 3^#of| polyether 5! por/sulfonates^ »e surfactants* 50-500ppm 351 S>7r J- 

12. 5U°H P oly(ethylene glycol}* surfactants* 50~500ppmSE «7r» ^^l— — 



